Abstract. In this work we obtain analytical expressions for the radiative opacity of several low Z plasmas (He, Li, Be, and B) in a wide range of temperatures and densities. These formulas are obtained by fitting the proposed expression to mean opacities data calculated by using the code ABAKO/ RAPCAL. This code computes the radiative properties of plasmas, both in LTE and NLTE conditions, under the detailed-level-accounting approach. It has been successfully validated in the range of interest in previous works.
Introduction
The accurate determination of the radiative properties of hot dense matter is needed in several research fields such as ICF target physics analysis, magnetic fusión or astrophysics, and the radiative opacity is a key factor to be determined. Thus, ICF target simulation involves the use of hydrodynamic radiation codes that require the input of thousands of spectrally resolved opacity data for each point of a fine mesh of temperatures and densities and determining them takes a large computation time. A usual approach consists of weighting these opacities in a small number of multigroups opacities or even only one group using then the Rosseland and Planck mean opacities. Even in this case, the accurate computation of these quantities is too huge to be used in-line with a hydrodynamic code.
For these reasons, analytical formulas giving mean radiatives properties versus temperature and density of the plasma are a useful tool. In this work, our main goal is to obtain analytical expressions for the Rosseland and Planck mean radiative opacities of several low Z plasmas in a wide range of temperature and densities. These formulas are obtained by fitting the free parameters of the proposed expression to data calculated by the code ABAKO/ RAPCAL [1] . This code computes the radiative properties of plasmas such as the spectrally resolved opacity or the Rosseland and Planck mean opacities, both in LTE and NLTE conditions, under the detailed-level-accounting approach. The code has been successfully tested by comparing its results with reference codes in the fourth and fifth Kinetic Code Comparison Workshops [2, 3] . It also has demonstrated to be useful for diagnostic of experiments [4] .
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Opacity calculation
We have carried on a detailed analysis of the mean opacity for helium, lithium, beryllium and boron plasma, using high quality atomic data obtained using the FAC code [5] . This code pro vides atomic magnitudes calculated into the DLA approach, using appropriate coupling schemes and including configuration interaction. The calculation of ionic charge state distributions and level populations is performed by solving a collisional-radiative steady-state model (CRSS). The level populations are computed with a reasonable accuracy for plasmas of any element in a wide range of conditions embracing Coronal Equilibrium (CE), non-LTE and LTE situations. The spectrally resolved opacity is obtained as a sum of the bound-bound, bound free, free-free and scattering contributions
The bound-bound spectrum includes all the allowed transitions in the dipole approximation along with all the detailed atomic levéis considered. Line profiles incorpórate Doppler, natural and electron-impact widths. The bound-free and free-free processes are calculated using the Kramer's semiclassical expressions. The Rosseland and Planck mean opacities are then computed by:
where K scatt is the absorption coefficient contribution by scattering (Thomson cross section), and B(v,T) and B'(vj) are the Planck weighting function and its derivative.
Results and discussion
Analytical expressions can be found in the literature [6] [7] [8] for the opacity of low-Z plasmas in a wide range of temperatures and densities. The expression most commonly used to model Rosseland and Planck mean opacities is a power law depending on temperature and density,
where T is the temperature (eV) and p is the mass density (g-cm"
3 ).The definition of the parameter a can change depending on the author. These formulas are usually fit to match LTE data but there are no valúes for a wide range of density and temperature conditions where NLTE assumptions are important. In a logarithmic representation, equation (3) is a plañe surface over the entire range of temperatures and densities. This geometrical form can give a good fit for highly ionized plasmas, but it fails at low temperatures where the atomic structure leads to local modulations of the mean opacity.
In order to extend its range of application, we have modified this formula including a multiplicative term depending on the temperature and the electrón density, thus, 
where x = log(T) and y=log(p). We have fit the mass absorption coefficient | a, instead of the radiative opacity because it has a smoother behavior. This new expression is a quadratic fit to surface which gives more flexibility in relation to a linear one.
In figure 1 , it is shown the average ionization for a beryllium plasma in the range 1-10 3 eV for several densities from 10~9 to 10" 1 g-crn 3 . At low temperatures the behaviour of the mean ionization depends strongly on the plasma density, thus under 10 eV we found huge variations in the average ionization. In the range 15 -100 eV the low density curves trend to mach and for temperatures above 300 eV the fully striped ion dominates for all the cases studied. This complexity found in the ionization at low temperature has its counterpart in the mean opacity, and it is necessary to perform different fits for each range of temperatures.
In figure 2 we plot the behavior of the Planck mean absorption coefficient (a) and its fit (b) for boron plasmas in the temperature range between 1 and 10 3 eV and density from 10" 10 to 10" 1 g cm 2 . Figures 3(a) and 3(b) show the Rosseland mean for beryllium plasmas under the same conditions. The fit has been performed using a quadratic response surface model and since it is not possible fit the whole surface in the entire range of temperature, a piecewise fit has been done. One can appreciate that performing a linear fit over the entire range of temperatures and densities will yield a poor representation of the data, whereas equation 4 provides a better representation of the behavior of the Planck and Rosseland means at low temperatures. beryllium plasma (b) fit using equations (4)- (5).
Valúes of the parameters obtained for several low Z elements are given in Table 1 . These results should be used with caution because the accuracy of the fit increases with the temperature, thus for the range 10 2 -10 
